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Abstract

Background: The US older adult population (≥65 years) is increasing and may be at increased 

risk for severe anaphylaxis. Little is known about the healthcare utilization for acute allergic 

reactions (AAR), including anaphylaxis, among older adults.

Objectives: To characterize trends in emergency department (ED) visits and hospitalizations for 

AAR and anaphylaxis among US older adults from 2006–2014, and to examine factors associated 

with severe anaphylaxis.

Methods: We performed cross-sectional analyses of trends in ED visits and hospitalizations 

among older adults using data from the Nationwide Emergency Department Sample and the 

National (Nationwide) Inpatient Sample in 2006–2014. We used International Classification of 
Diseases, Ninth Revision, Clinical Modification diagnostic codes to identify visits for AAR, 

including anaphylaxis. Multivariable logistic regression modeling was used to identify factors 

associated with severe anaphylaxis (cardiac arrest, intubation and death).

Results: In 2006–2014, older adults experienced approximately 1,019,967 AAR-related ED 

visits; 173,844 AAR-related hospitalizations; 93,795 anaphylaxis-related ED visits; and 72,677 

anaphylaxis-related hospitalizations. While AAR-related ED visit and hospitalization rates 

remained stable (P-trends=0.28 and 0.16, respectively), anaphylaxis-related ED visit and 
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hospitalization rates significantly increased over time (37 visits per 100,000 population in 2006 to 

51 in 2014, P-trend<0.001; 13 hospitalizations per 100,000 population in 2006 to 23 in 2014, P-

trend<0.001), especially hospitalization rates for drug-related anaphylaxis (47 hospitalizations per 

100,000 population in 2006 to 85 in 2014, P-trend<0.001). Risk factors for anaphylaxis-related 

death included older age and drug-related trigger.

Conclusions: In a nationally representative sample of US older adults, the rate of anaphylaxis-

related ED visits and hospitalizations increased over time. Drug-related triggers represented a 

substantial portion of the increased healthcare utilization and are a growing risk in this vulnerable 

population.
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Introduction

Nearly 46 million older adults (age ≥65 years) currently live in the United States (US). The 

older adult population is rapidly growing, projected to more than double in size by 2060.1 

Anaphylaxis is potentially life-threatening, and fatal anaphylaxis has been associated with 

older age, especially among those with multiple co-morbidities.2–4 While an increase in 

anaphylaxis-related visits have been observed in younger populations, little is known about 

the trends in acute allergic reactions (AAR), including anaphylaxis, among US older adults.5 

Few studies have examined risk factors for severe anaphylaxis in this vulnerable population.
6, 7

The objective of this study was to characterize temporal trends in emergency department 

(ED) visits and hospitalizations for AAR (including anaphylaxis) among US older adults 

and to examine factors associated with severe anaphylaxis. It is important to better 

understand the trends in anaphylaxis, healthcare utilization, and severe outcomes in this 

rapidly growing US older adult population to inform future policy and clinical guidelines.

Methods

We performed a series of cross-sectional analyses and conducted a retrospective cohort 

study using discharge data from 2006 to 2014 from the Nationwide Emergency Department 

Sample (NEDS) and the National (Nationwide) Inpatient Sample (NIS), Healthcare Cost and 

Utilization Project (HCUP), Agency for Healthcare Research and Quality.8–10 NEDS is the 

largest all-payer ED database in the US and provides nationally-representative data from 

approximately 145 million ED visits each year.8 NIS is a large, publicly available all-payer 

inpatient US healthcare database, which contain data from approximately 7 million hospital 

stays per year and provides national estimates of inpatient utilization and outcomes.9 This 

study was approved by the Mass General Brigham Institutional Review Board and the data 

are protected by a data use agreement.
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Definitions

We defined adults as patients ≥18 years of age at the time of the ED visit or hospitalization 

and older adults as patients who were ≥65 years of age at the time of the ED visit or 

hospitalization. We used the following definitions for older adult age subgroups: early-old 

(65–74 years), middle-old (75–84 years), late-old (≥85 years).11 We used the following 

International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) 
diagnostic codes to determine cases.

Acute allergic reactions

We used the first-listed discharge diagnostic code to determine cases for acute allergic 

reactions using ICD-9-CM codes for drug allergy, venom allergy, and other allergy (see 

Table E1 in the Online Repository). Drug allergy was defined by ICD-9-CM codes 693.0, 

995.2, 995.1, 995.4.12–14 Venom allergy was defined by first-listed ICD-9-CM code 989.5.15 

Food allergy was defined by 693.1, 995.60–70.15, 16 Other allergy was defined by 995.0, 

995.3, 708.0,12 999.4, 999.41, 999.42, 999.49.17

Anaphylaxis

We defined anaphylaxis-related visits using two methods (see Table E2 and Figure E1 in the 

Online Repository).6, 14 For the first method, we used the following ICD-9-CM diagnostic 

codes: 995.60–995.69, 995.0 listed in any of the reported discharge diagnoses. For the 

second method, we used a previously validated algorithm for identification of anaphylaxis 

cases based on ICD-9-CM diagnostic codes and external cause-of-injury codes (E-codes)18. 

We excluded cases with the following E-codes: E905.0, E905.1, E905.6. We used ICD-9-

CM codes to categorize anaphylaxis cases according to trigger (drug, venom, food) based on 

previously described methods:14, 16 drug (693.0, 995.2, 995.4, E930-E930.9, E931-E931.9), 

venom (989.5, E905.3, E905.5), and food (995.60–69, 995.70). Anaphylaxis-related visits 

that were not included in the above categories were classified as other, including visits with 

multiple trigger types.

Covariates

Covariates included year of discharge, patient age, sex, race/ethnicity (only available in 

NIS), primary health insurance, quartile of median household income based on ZIP code of 

residence, season of discharge, hospital region, urban/rural and teaching status of hospital, 

and weekend presentation. Administration of epinephrine in the ED was determined by 

current procedural terminology (CPT) code J0170 (2006–2010) and J0171 (2011–2014). 

Presence of any chronic conditions was identified using the Chronic Condition Indicator 

(maintained by HCUP), which identifies chronic conditions likely present prior to 

admission.19 The Elixhauser comorbidity index was also used to capture the comorbidity 

burden and specific comorbidities were included (e.g. chronic pulmonary disease) in NIS.
20, 21

Outcomes

The outcomes included hospitalization (NEDS only), cardiac arrest, intubation, and death, 

which were proxies used for severe anaphylaxis. Hospitalization was defined using NEDS 
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disposition variable. Cardiac arrest was defined using ICD-9-CM code 427.5.22 

Endotracheal intubation was defined using procedural code of invasive mechanical 

ventilation (96.7) and endotracheal intubation (96.04).23 Death was determined using 

disposition variables in NEDS or NIS dataset, which only includes death in the hospital 

(either ED or inpatient).

Statistical analysis

NEDS and NIS do not include patient-level identifiers; therefore, the unit of analysis was 

ED visit or hospitalization rather than patient. To account for the complex sampling design, 

yearly trend (for 2006 to 2011) or discharge (for 2012 to 2014) weights provided by HCUP 

were used to provide estimates for the entire US population.24, 25 Analyses were conducted 

using Stata IC 15.1 (StataCorp, College Station, TX). We present weighted frequencies, 

means (for continuous variables), percentages (for categorical variables), and 95% 

confidence intervals. Incidence per 100,000 population were calculated using age-specific 

population estimates from the US Census Bureau. We used ordinary least squares regression 

to test for linear trends over time. To determine factors associated with severe anaphylaxis, 

multivariable logistic regression models were constructed for demographic and clinical risk 

factors, accounting for the survey weighting in all models. Separate models were fit using 

complete case analysis for each data source and outcome.

Results

Acute allergic reactions

Emergency Department Visits—In 2006–2014, the total number of ED visits for AAR 

that occurred among older adults was 1,019,967 (95%CI: 984,410–1,055,525). The number 

of ED visits for AAR among older adults increased from 106,073 in 2006 to 127,493 visits 

in 2014 (P-trend<0.001). The rate of ED visits for AAR for older adults did not increase 

over time (285 visits per 100,000 population in 2006 and 276 visits per 100,000 population 

in 2014; P-trend=0.28). ED visit rates for AAR among early-old adults was slightly higher 

than the rate for middle-old adults and late-old adults (e.g., 2014: early-old, 294 visits per 

100,000 population; middle-old, 272; and late-old, 205; see Figure E2 in the Online 

Repository). The rate of ED visits for AAR for early-old, middle-old, and late-old subgroups 

did not significantly increase over time (P-trends=0.28, 0.81, 0.09). The rate of ED visits for 

drug-related AAR among older adults was much higher than the rate of ED visits for venom-

related and food-related AAR (e.g., 2014: drug, 95 visits per 100,000 population; venom, 57 

visits per 100,000; and food 9 visits per 100,000). ED visit rates for drug-related AAR 

slightly decreased over time, while venom-related and food-related ED visit rates were 

stable over time (P-trends=0.02, 0.71, and 0.70, respectively, see Figure E3 in the Online 

Repository).

Hospitalizations—In 2006–2014, the total number of hospitalizations for AAR that 

occurred among older adults was 173,844 (95%CI: 169,243–178,444). The number of 

hospitalizations for AAR among older adults increased from 14,856 in 2006 to 19,550 in 

2014 (P-trend=0.001). The rate of hospitalizations for AAR was stable from 2006 to 2014 

(P-trend=0.16). The hospitalization rates for AAR among late-old adults were higher than 
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that of middle-old and early-old adults (e.g., 2014: late-old, 105 visits per 100,000; middle-

old, 73 per 100,000; early-old, 74 per 100,000; see Figure E4 in the Online Repository). 

Hospitalization rates for drug-related AAR among older adults were much higher compared 

to venom-related or food-related AAR (e.g., 2014: drug, 20 visits per 100,000; venom, 2 

visits per 100,000; food, 1 visit per 100,000; see Figure E5 in the Online Repository). 

Hospitalization rates for food-related AAR marginally decreased over time while venom-

related and drug-related AAR hospitalization rates were stable over time (P-trends=0.003, 

0.10, and 0.55, respectively).

Anaphylaxis

Emergency Department Visits—From 2006–2014, the unweighted number of ED visits 

for anaphylaxis among US older adults was 20,989 visits, with survey weighting resulting in 

an overall estimate of 93,795 (95%CI: 89,797–97,794) ED visits for anaphylaxis occurring 

among US older adults during this time period (Table I). The majority of these ED visits for 

anaphylaxis were patients ages 65–74 years, female, with public insurance, and visiting 

urban hospitals (Table I). Approximately 2% of anaphylaxis-related ED visits among older 

adults had documentation of epinephrine use, which was less than that for younger adults 

ages 18–64 years (7%; see Table E3 in the Online Repository). The majority of anaphylaxis-

related ED visits among older adults involved patients with any chronic condition (87%), 

which was more frequent than that for younger adults (54%). Drug-related triggers were 

more frequent among older adults compared to younger adults (35% vs 18%, respectively). 

Food-related triggers were less frequent among older adults compared to younger adults (6% 

vs 19%, respectively). Among ED visits for anaphylaxis among older adults, 59% of these 

visits resulted in hospitalization, 17% of these visits involved intubation/ventilation, and 3% 

of these visits resulted in inpatient or ED death (Table I).

The number of ED visits for anaphylaxis among older adults increased more than 50% from 

7941 visits in 2006 to 13,127 visits in 2014 (P-trend<0.001). The rate of ED visits for 

anaphylaxis also increased over time among older adults from 37 visits per 100,000 

population in 2006 to 51 visits per 100,000 in 2014 (P-trend<0.001). A similar trend was 

observed among younger adults 18–64 years old (P-trend<0.001, Figure I). There was a 

slight increase in ED visits over time in early-old and middle-old adults (P-trends <0.001). 

Among older adults, the ED visit rate for drug-related anaphylaxis were higher than for 

venom-related or food-related causes across all years (e.g., 2014: drug, 10 visits per 

100,000; venom, 2 visits per 100,000; food, 2 visits per 100,000). Drug-related ED visit 

rates and food-related ED visit rates for anaphylaxis increased over time among older adults 

(P-trends=0.001 and <0.001, respectively, Figure II). Drug-related ED visit rates for 

anaphylaxis among older adults were nearly double the rates for all adults ≥18 years old 

across the study period (e.g., 2014: 10 visits per 100,000 population; 6 visits per 100,000, 

respectively), and food-related ED visit rates for anaphylaxis among older adults were about 

half the rates for all adults ≥18 years old (e.g., 2014: 2 visits per 100,000 population; 5 visits 

per 100,000 population, respectively).

Hospitalizations—From 2006–2014, the unweighted number of hospitalizations for 

anaphylaxis among US older adults was 14,990 visits, with survey weighting resulting in an 
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overall estimate of 72,677 (95%CI: 70,450–74,904) hospitalizations for anaphylaxis among 

older adults during this time period (Table I). The majority of these hospitalizations for 

anaphylaxis were patients ages 65–74 years, female, white race, with public insurance, and 

visiting large hospitals in urban areas (Table I). The mean length of stay for these 

hospitalizations was 6.4 days. Around 90% of these hospitalizations were from patients with 

3 or more chronic conditions. Of the total hospitalizations for anaphylaxis occurring 

between 2006–2014 among older adults, 28% of these visits involved intubation/ventilation, 

3% involved cardiac arrest, and 5% of these visits resulted in inpatient death.

Among older adults, the number of hospitalizations for anaphylaxis more than doubled from 

4,973 anaphylaxis-related hospitalizations in 2006 to 10,680 hospitalizations in 2014 (P-

trend<0.001). The anaphylaxis-related hospitalization rate for older adults was more than 

double the rate for younger adults across all years and increased from 13 visits per 100,000 

population in 2006 to 23 visits per 100,000 population in 2014 (P-trend<0.001, Figure III). 

There was an increase in the hospitalization rate for anaphylaxis over time in early-old and 

late-old adults (P-trends<0.001, Figure III). The hospitalization rates for drug-related 

anaphylaxis among older adults were much higher compared to hospitalization rates for 

venom-related or food-related anaphylaxis (e.g., 2014: drug, 85 visits per 100,000 

population; food, 8 visits; venom, 4 visits, respectively, Figure IV). Among older adults, 

drug-related anaphylaxis hospitalizations significantly increased over time (P-trend<0.001) 

as compared to hospitalizations for venom-related or food-related (P-trends=0.46 and 0.05, 

respectively).

Severe anaphylaxis—Demographic factors associated with hospitalization, a proxy used 

for severe anaphylaxis, for anaphylaxis-related ED visits included older age, male sex, 

public insurance, lowest quartile of median household income based on ZIP code of 

residence, or visit at a metropolitan hospital, compared to respective counterparts (Table II). 

Clinical factors associated with hospitalization for anaphylaxis-related ED visits included a 

drug-related or other trigger, no documentation of receiving epinephrine in the ED, or 

having a chronic condition compared to the respective counterparts.

Using NEDS data, demographic factors associated with cardiac arrest/intubation included 

male sex, public insurance, lower quartiles of median household income based on ZIP code 

of residence, or visit at a metropolitan hospital, compared to respective counterparts. 

Clinical factors associated with cardiac arrest/intubation included drug-related trigger, no 

documentation of receiving epinephrine in the ED, or having a chronic condition compared 

to the respective counterparts.

Using NEDS data, demographic factors associated with death after anaphylaxis-related ED 

visits included older age or visit at a metropolitan teaching hospital, and clinical factors 

associated with death after anaphylaxis-related ED visits included drug-related or other 

trigger or having a chronic condition compared to respective counterparts.

Using NIS data, demographic factors associated with cardiac arrest/intubation included male 

sex, Black race, lowest quartiles of median household income based on ZIP code of 

residence, or visit at a metropolitan hospital, compared to respective counterparts (Table III). 
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Clinical factors associated with cardiac arrest/intubation include drug-related or other 

trigger, or having a co-morbidities of alcohol abuse, diabetes, hypertension, or obesity, 

compared to respective counterparts. Demographic factors associated with death after 

anaphylaxis-related hospitalization in the NIS cohort included older age or other race, and 

clinical factors associated with death after anaphylaxis-related hospitalization included drug-

related or other trigger, compared to respective counterparts. A sensitivity analysis with 

patients only identified by method I for anaphylaxis-related visits was performed using both 

NEDS and NIS data, which showed similar results (See Table E4 and Table E5 in the Online 

Repository).

Discussion

Little is known about national trends in health care utilization for AAR (including 

anaphylaxis) among older adults in the US. While the rate for ED visits and hospitalizations 

for AAR remained stable over the study period (2006–2014), we observed a significant 

increase in the rate of anaphylaxis-ED visits and hospitalizations among US older adults.

The observed increase may be secondary to an increase in the true prevalence of severe 

anaphylaxis in the older adult population or attributed to an increasing awareness of 

anaphylaxis and allergic disorders among clinicians and patients. Prior studies examining 

anaphylaxis-related US trends have examined the general adult population26, 27 or primarily 

focused on the pediatric population.16, 28, 29 Of the recent studies including anaphylaxis 

trends for older adults in the US, there have been conflicting data with a reported increase in 

anaphylaxis-related hospitalization rate in New York State6 and a stable rate across the US.
26 This variability may be due to use of different case definitions of anaphylaxis; our study 

uses previously validated algorithms for anaphylaxis.12–14

While the older adult population had similar ED visit rates for anaphylaxis compared to 

younger adults, we found that the older adult population had higher anaphylaxis-related 

hospitalization rates compared to younger adults. Previous studies have noted that older 

adults may more likely be hospitalized30, 31 or experience severe anaphylaxis.7, 30, 32 Older 

adults may have comorbid conditions, atypical clinical presentations, receive delayed 

administration of epinephrine, or experience adverse effects from epinephrine use, leading to 

severe anaphylaxis.7, 33

Among older adults, we also found higher rates of ED visits and hospitalizations for drug-

related AAR and anaphylaxis compared to venom-related or food-related events, which has 

been previously reported.6, 26, 34 Hospitalization rates for drug-related anaphylaxis for older 

adults also increased over the time period. Drug-related fatal anaphylaxis has been 

previously reported to have increased in the US from 1999 to 2010.35 Further studies will 

need to monitor this growing risk, especially in the older adult population.

Recent guidelines36 continue to recommend epinephrine as the first-line pharmacotherapy 

for anaphylaxis. We report a very low percentage of documented ED epinephrine use which 

could be secondary to decreased use of epinephrine in this population, pre-hospital or self-

administered use of epinephrine, or lack of documentation due to the clinical acuity of ED 
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cases. Previous studies have shown conflicting data regarding administration of epinephrine 

in the older adult population for anaphylaxis with reported increased use in a European 

registry7 and decreased use in a study examining US older adults presenting to ED for 

anaphylaxis.37 The older adult population have been noted to be less likely to fill a 

prescription for epinephrine autoinjectors after ED visit or hospitalization for anaphylaxis.30 

Adverse cardiac complications after epinephrine use have also been noted in the older 

adult31, 37and >80 year old population33, so further work may need to elucidate these 

factors.

We found that the factors consistently associated with severe anaphylaxis outcomes 

(hospitalization, cardiac arrest/intubation, and death) after ED visit included drug-related 

triggers or having a chronic condition. We observed that older age and drug-related triggers 

were consistently associated with death, after controlling for multiple comorbidities. Both 

older age2, 35 and drug-related trigger2, 32, 38 have previously been noted to be a risk factor 

for fatal anaphylaxis. Patients who are older may be exposed to multiple drugs or have 

underlying comorbidities (e.g. cardiovascular disease) that predispose them to worse 

outcomes.

Interestingly, low median household income was associated with cardiac arrest/intubation. 

This could be due to poor access to care or delayed presentation to the ED. We also found 

that co-morbidities such as diabetes, hypertension, and obesity were risk factors for cardiac 

arrest/intubation, and these potential risk factors merit further investigation in severe 

anaphylaxis.

Limitations of this study include potential misclassification of AAR/anaphylaxis cases and 

triggers. However, we used previously validated algorithms14 and also conducted sensitivity 

analyses examining each ascertainment method for anaphylaxis and found similar trends. 

Coding errors and variation in documentation or reporting are a limitation when using 

administrative data; however, coding errors are likely random assuming no significant 

changes in coding over the years and typically not subject to systematic biases. Additionally, 

administration of epinephrine is not well documented and may have occurred during the pre-

hospital setting, which may be subject to bias and misclassification. Our analyses were 

limited to factors reported in the administrative data, so other social factors (e.g. access to 

specialist), or clinical factors (e.g. timing of anaphylaxis), could not be measured. 

Additionally, NIS restructured the sampling strategy to be a sample of discharges in 2011 

and for prior years it was a sample of hospitals; however, the new sampling strategy were 

thought to produce more precise estimates. Moreover, the study period ends in 2014, as 

diagnostic coding changes from ICD-9-CM to International Classification of Diseases, Tenth 
Revision, Clinical Modification (ICD-10-CM) in 2015 complicated interpretation of 

temporal trends in more recent years. Another limitation is a violation of the independence 

assumption in the regression models used given that the unit of analysis is at the visit-level 

rather than at the patient level, though the magnitude of this bias is likely small. Lastly, there 

may be potential residual confounding in the associations or unmeasured confounders.

The strengths of the study include the use of a large, nationally representative database to 

understand trends and utilization of AAR, including anaphylaxis, which is an uncommon 
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event. Our study also focuses on older adults, a rapidly growing vulnerable population, 

which have been less studied in allergy and anaphylaxis research. Our results are 

generalizable to the US older adult population, and there have not been significant practice 

changes to anaphylaxis management guidelines affecting this population since 2014.36

Conclusion

Overall, in two nationally representative databases, we report an increase in anaphylaxis-

related ED visits and hospitalizations, especially drug-related, among US older adults during 

2006–2014. Older age and drug-related triggers were significant factors associated with fatal 

anaphylaxis. Given the rapidly growing older adult population in the US and other 

industrialized nations, these findings emphasize the importance of providing age-appropriate 

management and treatment of anaphylaxis for older adults. As more data accumulate on 

older adults with anaphylaxis, we anticipate the increasing need to establish age-appropriate 

clinical guidelines for anaphylaxis in this vulnerable population with unique exposures and 

comorbidities.
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Highlights Box

What is already known about this topic?

Little is known about national healthcare utilization patterns for acute allergic reactions, 

including anaphylaxis, in the US older adult population (age ≥65 years).

What does this article add to our knowledge?

Older adults had a higher anaphylaxis-related hospitalization rate than younger adults. 

Anaphylaxis-related ED visits and hospitalizations, especially drug-related, have 

increased over time. Risk factors for anaphylaxis-related death included older age, 

especially ≥85 years of age, and drug-related trigger.

How does this study impact current management guidelines?

Anaphylaxis, especially drug-related anaphylaxis, is a growing risk for the US older adult 

population. It may be important to establish age-appropriate clinical guidelines for 

anaphylaxis in this vulnerable population with unique exposures and comorbidities.
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Figure I. 
Rate of emergency department visits per 100,000 population for anaphylaxis among younger 

adults (18–64 years) and older adults (≥65 years) in the US, 2006–2014 National Emergency 

Department Sample
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Figure II. 
Rate of emergency department visits per 100,000 population for anaphylaxis by trigger 

among older adults (≥65 years) in the US, 2006–2014 National Emergency Department 

Sample
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Figure III. 
Rate of hospitalizations per 100,000 population for anaphylaxis among younger adults (18–

64 years) and older adults (≥65 years) in the US, 2006–2014 National Inpatient Sample
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Figure IV. 
Rate of hospitalizations per 100,000 population for anaphylaxis among older adults (≥65 

years) in the US by trigger, 2006–2014 National Inpatient Sample
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Table I.

Characteristics of Emergency Department visits and hospitalizations for anaphylaxis among US older adults 

(age ≥65 years), 2006–2014 National Emergency Department Sample and National Inpatient Sample

ED Visits Hospitalizations

Unweighted 
Frequency

Weighted Frequency Unweighted 
Frequency

Weighted Frequency

Characteristics Frequency % (95% 
CI) Frequency

% (95% CI)

Overall number 20989 93795 100 14990 72677 100

Age

 65–74 years 11504 51385 55 54–56 7509 36387 50 49–51

 75–84 years 6784 30282 32 32–33 5105 24636 34 33–35

 >85 years 2701 12095 13 12–13 2376 11530 16 15–17

Sex

 Male 8200 36801 39 39–40 5988 29025 40 39–41

 Female 12786 56973 61 60–61 9001 43570 60 59–61

 Missing <10 <10

Race/Ethnicity

 White N/A 9661 46916 73 72–74

 Black N/A 1949 9387 15 14–15

 Hispanic N/A 861 4185 7 6–7

 Asian N/A 356 1724 3 2–3

 Other N/A 391 1890 3 3–3

 Missing 1772

Primary Health Insurance

 Public 18515 24608 88 87–89 13398 64834 89 89–90

 Private 2083 25118 10 9–11 1332 6566 9 9–10

 Self-pay 173 22070 0.9 0.7–1 86 423 0.6 0.4–0.8

 Other 199 20029 1.0 0.8–1 156 769 1 0.9–1.3

 Missing 19 18

Median household income 
quartile

 1 (lowest) 5577 24608 27 26–28 4105 19821 28 27–29

 2 5575 25118 27 26–28 3739 18183 26 25–26

 3 4916 22070 24 23–25 3499 16923 24 23–25

 4 (highest) 4480 20029 22 20–23 3342 16266 23 22–24

 Missing 441 305

Season of Discharge

 First quarter (Jan - Mar) 4836 21632 23 22–24 3601 17448 24 23–25

 Second quarter (Apr - Jun) 5161 23100 25 24–25 3818 18528  26 25–26

 Third quarter (Jul - Sep) 5903 26398 28 28–29 3761 18251 25 24–26
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ED Visits Hospitalizations

Unweighted 
Frequency

Weighted Frequency Unweighted 
Frequency

Weighted Frequency

Characteristics Frequency % (95% 
CI) Frequency

% (95% CI)

 Fourth quarter (Oct - Dec) 5086 22654 24 24–25 3804 18421 25 25–26

 Missing <10 <10

Hospital Region

 Northeast 3364 1565 17 15–18 2720 13375 18 17–20

 Midwest 4492 2229 24 22–26 3790 18382 25 24–27

 South 9707 4035 43 41–45 5706 27471 38 36–39

 West 3426 1551 17 15–18 2774 13448 19 17–20

Hospital Designation

 Rural 3577 16985 18 17–19 1820 8775 12 11–13

 Urban 17412 76810 82 81–83 13091 63536 88 87–89

 Missing 79

Hospital Status

 Metropolitan, Non-teaching 9333 39070 42 40–44 5869 28284 39 38–41

 Metropolitan Teaching 8079 37740 40 38–43 7222 35252 49 47–50

 Non-Metropolitan 3577 16985 18 17–19 1820 8775 12 11–13

 Missing 79

Hospital Bedsize

 Small N/A 2144 10019 14 13–15

 Medium N/A 3804 18605 26 25–27

 Large N/A 8963 43686 60 59–62

 Missing 79

Medication Use

 Diphenhydramine 1306 5802 6 6–7 N/A

 Methylprednisolone 1352 5998 6 6–7 N/A

 Epinephrine Use 418 1933 2 1.8–2.3 N/A

Length of Stay (Inpatient), 
mean days

N/A 14988 6.4 6.3–6.6

 Missing <10

Number of ED procedures

 0 19757 88143 94 93–95 N/A

 1 493 2203 2 2–3 N/A

 2 or more 739 3415 4 3–4 N/A

Number of chronic conditions

 0 2795 12544 13 13–14 134 729 1.0 0.8–1.2

 1–2 4410 19701 21 20–22 1364 6628 9 9–10

 3 or more 13784 61550 66 65–67 13492 65321 90 89–90

 Any chronic condition 18194 81230 87 86–87
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ED Visits Hospitalizations

Unweighted 
Frequency

Weighted Frequency Unweighted 
Frequency

Weighted Frequency

Characteristics Frequency % (95% 
CI) Frequency

% (95% CI)

Comorbidities

 Alcohol N/A 407 1977 3 2–3

 Congestive Heart Failure N/A 2353 11347 16 15–16

 Chronic Pulmonary 
Disease

N/A 4423 21416 29 29–30

 Diabetes N/A 3950 19085 26 26–27

 Hypertension N/A 10655 51565 71 70–72

 Liver Disease N/A 282 1372 1.9 1.7–2.1

 Obesity N/A 1700 8263 11 11–12

 Oncologic N/A 1271 6145 8 8–9

 Renal Failure N/A 2754 13333 18 18–19

 Rheumatoid arthritis/ 
collagen vascular diseases

N/A 517 2518 3 3–4

Elixhauser Comorbidity 
Index, mean

N/A 14990 8.1 7.9–8.3

Severe Anaphylaxis 12494 55965 60 59–61 4409 21370 29 29–30

 Hospitalization 12446 55761 59 58–61 N/A

 Cardiac arrest 380 1724 1.8 1.6–2.1 443 2150 3 2.7–3.3

 Intubation/V entilation 3592 15974 17 16–18 4130 20026 28 27–28

 Death 525 2420 3 2–3 689 3306 5 4–5

Type of Trigger

 Drug 7428 33013 35 34–36 5,537 26,821 37 36–38

 Venom 1267 5711 6 5.7–6.5 258 1,272 1.8 1.5–2.0

 Food 1304 5920 6 6.0–6.7 595 2,956 4.1 4.1–4.4

 Other/multiple 10990 49152 52 52–53  8,600 41,628 57 56–58
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Table II.

Clinical risk factors for severe anaphylaxis (hospitalization, cardiac arrest/intubation, or death) among US 

older adults, 2006–2014 National Emergency Department Sample

Ho spitalization cardiac arrest/intubation Death

Risk Factors OR 95% CI OR 95% CI OR 95% CI

Year 0.95 0.93–0.97 1.03 1.01–1.05 0.99 0.95–1.03

Age

 65–74 years 1.00 (referent) 1.00 (referent) 1.00 (referent)

 75–84 years 1.43 1.33–1.54 1.08 0.99–1.19 1.55 1.27–1.91

 >85 years 2.19 1.96–2.45 0.98 0.86–1.11 2.96 2.34–3.75

Sex

 Male 1.00 (referent) 1.00 (referent) 1.00 (referent)

 Female 0.83 0.78–0.89 080 0.74–0.88 0.92 0.77–1.11

Primary Health Insurance

 Private 1.00 (referent) 1.00 (referent) 1.00 (referent)

 Public 1.31 1.16–1.48 1.23 1.04–1.45 1.12 0.74–1.70

 Self-pay 1.18 0.79–1.78 1.10 0.64–1.88 0.77 0.17–3.54

 Other 0.94 0.63–1.40 1.11 0.67–1.83 0.78 0.22–2.70

Median household income quartile

 1 (lowest) 1.23 1.09–1.39 1.55 1.35–1.78 1.35 1.00–1.81

 2 1.09 0.97–1.22 1.27 1.11–1.46 1.28 0.97–1.70

 3 0.98 0.87–1.10 1.11 0.96–1.27 1.04 0.77–1.40

 4 (highest) 1.00 (referent) 1.00 (referent) 1.00 (referent)

Season of Discharge

 First quarter (Jan - Mar) 1.00 (referent) 1.00 (referent) 1.00 (referent)

 Second quarter (Apr - Jun) 0.95 0.86–1.05 0.92 0.81–1.03 0.88 0.68–1.13

 Third quarter (Jul - Sep) 0.95 * 0.86–1.04 0.84 0.75–0.95 0.94 0.73–1.22

 Fourth quarter (Oct - Dec) 1.01 0.91–1.11 0.97 0.86–1.08 0.90 0.70–1.16

Hospital Region

 Northeast 1.00 (referent) 1.00 (referent) 1.00 (referent)

 Midwest 0.67 0.58–0.79 0.75 0.64–0.89 0.59 0.43–0.80

 South 0.54 0.47–0.63 0.85 0.73–0.99 0.64 0.48–0.86

 West 0.76 0.64–0.89 0.97 0.83–1.15 0.75 0.54–1.05

Hospital Status

 Non-Metropolitan 1.00 (referent) 1.00 (referent) 1.00 (referent)

 Metropolitan, Non-teaching 1.77 1.57–1.99 1.91 1.61–2.26 1.34 0.83–2.16

 Metropolitan Teaching 1.98 1.75–2.24 2.50 2.11–2.97 1.64 1.03–2.61

Weekend presentation

 No 1.00 (referent) 1.00 (referent) 1.00 (referent)

 Yes 0.92 0.85–0.99 0.96 0.88–1.05 0.85 0.68–1.06
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Ho spitalization cardiac arrest/intubation Death

Risk Factors OR 95% CI OR 95% CI OR 95% CI

Type of Trigger

 Food 1.00 (referent) 1.00 (referent) 1.00 (referent)

 Drug 2.75 2.35–3.21 5.21 4.11–6.60 5.64 2.60–12.25

 Venom 0.47 0.38–0.59 0.29 0.19–0.46 0.23 0.03–1.86

 Other 1.48 1.28–1.71 1.04 0.82–1.31 3.66 1.68–7.97

Epinephrine use in ED

 Yes 1.00 (referent) 1.00 (referent) 1.00 (referent)

 No 9.89 6.48–15.09 9.62 3.76–24.62 2.24 0.54–9.27

Any chronic condition

 No 1.00 (referent) 1.00 (referent) 1.00 (referent)

 Yes 15.61 13.37–18.21 21.57 13.72–33.91 14.68 5.29–40.72

Note: Number of chronic conditions had to be collapsed due to unstable estimates for the 2 or more group Survey weights were used to construct 
this model. Unweighted n = 20,989; weighted n = 93,795.
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Table III.

Clinical risk factors for severe anaphylaxis (cardiac arrest/intubation or death) among US older adults, 2006–

2014 National Inpatient Sample

Cardiac arrest/Intubation Death

Risk Factors OR 95% CI OR 95% CI

Year 1.02 1.00, 1.04 0.97 0.93, 1.01

Age

 65–74 years 1.00 (referent) 1.00 (referent)

 75–84 years 1.04 0.94, 1.15 1.39 1.13, 1.71

 >85 years 0.77 0.68, 0.89 2.21 1.75, 2.78

Sex

 Male 1.00 (referent) 1.00 (referent)

 Female 0.89 0.81, 0.97 1.00 0.84, 1.20

Race/Ethnicity

 White 1.00 (referent) 1.00 (referent)

 Black 1792 1.71, 2.16 1.12 0.86, 1.46

 Hispanic U7 0.98, 1.39 1.09 0.77, 1.54

 Asian 1.20 0.92, 1.58 1.05 0.62, 1.76

 Other 1.28 1.00, 1.64 1.59 1.05, 2.41

Primary Health Insurance

 Private 1.00 (referent) 1.00 (referent)

 Public 0.95 0.81, 1.10 1.02 0.74, 1.42

 Self-pay 0.80 0.48, 1.31 1.33 0.41, 4.27

 Other 0.74 0.47, 1.16 1.32 0.59, 2.96

Median household income quartile

 1 (lowest) 1.27 1.11, 1.45 0.93 0.72, 1.20

 2 1.12 0.98, 1.28 0.95 0.74, 1.21

 3 1.11 0.97, 1.26 0.98 0.77, 1.26

 4 (highest) 1.00 (referent) 1.00 (referent)

Season of Discharge

 First quarter (Jan - Mar) 1.00 (referent) 1.00 (referent)

 Second quarter (Apr - Jun) 1.08 0.96, 1.22 0.96 0.75, 1.22

 Third quarter (Jul - Sep) 0.95 0.84, 1.07 0.90 0.71, 1.14

 Fourth quarter (Oct - Dec) 1.05 0.93, 1.18 1.02 0.80, 1.30

Hospital Region

 Northeast 1.00 (referent) 1.00 (referent)

 Midwest 0.84 0.73, 0.97 0.61 0.46, 0.82

 South 0.92 0.81, 1.04 0.89 0.70, 1.14

 West 1.06 0.92, 1.21 0.92 0.70, 1.21

Hospital Status
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Cardiac arrest/Intubation Death

Risk Factors OR 95% CI OR 95% CI

 Non-Metropolitan 1.00 (referent) 1.00 (referent)

 Metropolitan, Non-teaching 1.50 1.27, 1.78 1.32 0.89, 1.96

 Metropolitan Teaching 1.80 1.52, 2.13 1.44 0.98, 2.13

Weekend presentation

 No 1.00 (referent) 1.00 (referent)

 Yes 1.02 0.93, 1.13 1.07 0.87, 1.30

Type of Trigger

 Food 1.00 (referent) 1.00 (referent)

 Drug 2.75 2.19, 3.46 2.78 1.33, 5.78

 Venom 050 0.31, 0.81 0.74 0.16, 3.55

 Other 0.67 0.53, 0.84 2.11 1.02, 4.39

 Elixhauser Index Score 1.04 1.04, 1.05 1.07 1.06, 1.08

Any chronic condition

 No 1.00 (referent) 1.00 (referent)

 Yes 1.05 0.97, 1.14 1.18 0.97, 1.43

Comorbidities (referent: no for each condition)

 Alcohol 2.08 1.62, 2.67 1.29 0.79, 2.12

 Congestive Heart Failure 1.05 0.92, 1.19 0.92 0.74, 1.15

 Chronic Pulmonary Disease 1.06 0.96, 1.17 0.86 0.72, 1.04

 Diabetes 1.16 1.05, 1.28 1.19 0.98, 1.44

 Hypertension 1.45 1.30, 1.62 0.84 0.70, 1.01

 Liver Disease 0.60 0.43, 0.82 1.08 0.65, 1.81

 Obesity 1.69 1.49, 1.93 1.31 0.97, 1.77

 Oncologic 0.88 0.74, 1.04 0.98 0.74, 1.30

 Renal Failure 0.72 0.64, 0.80 0.80 0.64, 1.00

 Rheumatoid arthritis/collagen vascular diseases 0.81 0.64, 1.03 0.91 0.56, 1.46

Survey weights were used to construct this model. Unweighted n =14,990; weighted n = 72,677.
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